Abstract
Kidney transplantation recipients, irrespective of their age, have a lower mortality rate compared to patients on dialysis [1] . Moreover, the elderly mostly account for the increase in patients with end-stage kidney disease (ESKD) [2] . The mean age at which patients are initiated to dialysis therapy stands at 69.2 years of age according to the 2015 data for Japan. Previous reports have demonstrated DOI: 10.1159/000492721 a significantly longer life expectancy among patients aged 60 years and older with deceased donor kidney transplantation compared to patients aged 60 years and older on the waiting list [1] . In Japan, owing to the severe shortage of deceased donors, living donor kidney transplantation is mainly performed, and the number of ABO-incompatible kidney transplantation is currently increasing. As a result, it has become an acceptable treatment option in Japan, accounting for more than 30% of all living donor kidney transplantation. Excellent outcomes have been achieved, and the rates of graft survival in these patients are presently similar to those in recipients of ABO-compatible grafts [3] [4] [5] [6] [7] . Although our previous report demonstrated that this procedure may become a viable treatment option for elderly patients with ESKD [8] , there have been few reports on elderly ABO-incompatible kidney transplantation.
ABO-incompatible kidney transplantation is considered an immunologically high-risk procedure. Immunosuppressive regimens consist of administration of rituximab to inhibit antibody production, plasmapheresis to remove the anti-A/B antibodies, and pharmacotherapy [9] [10] [11] [12] [13] . Age-related changes occur in most organs and can alter the pharmacodynamics response. These changes could potentially affect drug responsiveness and result in altered toxicity or influence drug-drug interactions [14] . Previously, it has been reported that kidney transplant recipients over age 60 have diminished immune activity and low risk of rejection [15] . The immune system of the elderly undergoes immunosenescence, which protects the patient from rejection but increases the risk of infection and cancer [16] . In this study, we summarized our experience with ABO-incompatible kidney transplantation in elderly patients more than 60 years of age.
Patients and Methods
This is a retrospective, observational study to examine the clinical outcome of elderly ABO-incompatible kidney transplant recipients, focusing on protocols, complications, and patient and graft survivals. A total of 56 patients underwent ABO-incompatible kidney transplantation at our institution between December 2006 and September 2016, of which 17 recipients aged 60 years and older were enrolled in this study. All of these patients were followed up until November 2017.
Immunosuppressive Protocols (Table 2)
Immunosuppressive protocols have been improved over time, and we have used the optimal protocol available at the time. As our present standard desensitization protocol to remove anti-A/B antibodies for elderly ABO-incompatible kidney transplant recipients, the patients underwent 1-8 sessions of plasmapheresis prior to kidney transplantation until the antibody titers were less than 1: 16. Patients received a single dose of rituximab (150 mg/m 2 ) at 2 weeks prior to transplantation to inhibit antibody production. The pretransplant immunosuppressive protocol included 2 weeks (after January 2012) or 4 weeks (before December 2011) of mycophenolate mofetil (MMF) 0.5-1.0 g/day (n = 16) or everolimus 1.5 mg/day (n = 1) for B-cell lymphocyte suppression. Basic immunosuppression after transplantation consisted of basiliximab, steroid, calcineurin inhibitors (cyclosporine or tacrolimus), and MMF or everolimus (Fig. 1) . Our protocol was modified depending on age and anti-A/B antibody titers. In cases that seemed to be high risk, additional desensitization was performed to avoid antibody-mediated rejection (AMR) by anti-A/B antibodies. The patient with an anti-A/B antibody titer of 1: 2048 received 2 doses of rituximab (150 mg/m 2 ; case 1). The patient who experienced rebound of anti-A/B antibody titer to 1: 128 after antibody removal on the day before kidney transplantation (case 9) and the patient with a high anti-A/B antibody titer (anti-A/B antibody titer of 1: 2048; case 1) underwent splenectomy additionally. The Immunosuppression therapies are shown Table 2 . This study was approved by the Ethics Committee of Osaka City University Graduate School of Medicine (No. 3957). Opt-out consent was obtained instead of written informed consent. We provided patients with information explaining the proposed research plan (the purpose, required individual data, and duration of research) by means of an information website of our hospital and gave them the opportunity of optout. All procedures were in accordance with the Helsinki Declaration of 2000 and the Declaration of Istanbul 2008.
For treatment of acute cellular rejection episodes, methylprednisolone was administered at a dose of 500 mg/day for 3 days alone or in combination with deoxyspergualin (5 mg/kg/day: 5-7 days). When resistance to these drugs was confirmed, antihuman thymocyte immunoglobulin was administered. For treatment of AMR, plasmapheresis was performed, and rituximab was administered. Acute cellular rejection and AMR was histologically diagnosed by light microscopy of graft biopsy specimens according to Banff 2007-2013 criteria.
Surveillance biopsies were performed once within a month after surgery and before discharge from hospital in all patients. When clinically indicated by rising serum creatinine or decreasing urine output, episode biopsies were performed.
Anti-A/B antibody titers were measured pre-and post-transplantation. The saline agglutination technique was used for the measurement of the anti-IgM titers. The indirect Coombs' test was used for the measurement of the anti-IgG titers.
All patients were examined for preformed donor specific antibody, using flow cytometry crossmatch, flow panel reactive antibody, or LABScreen single antigen beads before transplantation.
Results

Patient Characteristics
The median age of the recipients and donors was 66 years (62-74 years) and 65 years (30-74 years) respectively. The median dialysis period was 29 months (0-98 months). The most frequent origin of ESKD was diabetes nephropa- Table 1 .
Patient and Graft Survival (Table 3)
All 17 patients underwent successful kidney transplantation. Both overall patient and graft survival rates were 100, 100, and 83.3% at 1, 3, and 5 years respectively (Fig. 2) . Death-censored graft survival rates were 100% at 5 years. One patient died 50 months after transplantation with a functioning graft due to chronic heart failure. The other 16 patients did not experience graft loss or death after transplantation and maintained good graft functions. The median eGFR was 40.2 mL/min/1.73 m 2 (33.4-54.9 mL/ min/1.73 m 2 ). The median observation period after transplantation was 44 months (range 14-132 months).
Rejection (Table 3)
Six of the 17 patients (35.3%) had an episode of biopsy-proven acute cellular rejection. Borderline changes with graft dysfunction were included as acute cellular rejection. One patient had acute cellular rejection classified as Banff IA, and 2 had borderline rejection with graft dysfunction, and they received steroid pulse therapy and/or administration of deoxyspergualin. One experienced acute rejection that was diagnosed with isolated V lesion and was treated with steroid pulse therapy in combination with administration of deoxyspergualin. Two patients who developed steroid-and deoxyspergualin-resistant acute rejection required anti-human thymocyte immunoglobulin. No patient experienced AMR.
Complications (Table 3)
Twelve patients experienced cytomegalovirus (CMV) reactivation revealed by cytomegalovirus antigenemia. However, no obvious invasive tissue disease occurred. No patients experienced BK virus nephropathy. Two patients developed herpes zoster due to the reactivation of varicella zoster virus and were treated with administration of acyclovir. One experienced adenovirus-induced cystitis. One patient had suspected pneumocystis pneumonia that was treated with administration of sulfamethoxazole/trimethoprim 80 days after transplantation. Ten patients experienced late-onset neutropenia that was suspected to be caused by rituximab administration. They recovered from neutropenia by administration of granulocyte-colony stimulating factor and/or MMF temporary discontinuation. One patient developed carcinoma of the body and tail of the pancreas 15 months after transplantation and was treated by distal pancreatectomy with splenectomy. However, he experienced recurrence of carcinoma of the pancreas and was treated with chemotherapy. Two recipients underwent postoperative diffuse pelvic hemorrhage that needed surgical intervention (Clavien Dingo classification IIIb) during the perioperative period.
Discussion
Kidney transplantation is the most preferred renal replacement therapy in patients who are 60 years and over with ESKD because of better longevity and quality of life compared with dialysis therapy. However, ABO-incompatible kidney transplantation is a high-risk procedure requiring additional desensitization for anti-A/B antibodies, such as suppression of antibody production and antibody removal, and its benefits for elderly patients has remained unknown. In this present study, although 1 patient died with a functioning graft at 50 months after transplantation and one experienced carcinoma of the pancreas, we demonstrated that the outcome of this procedure for elderly patients who were 60 years or older was excellent. Therefore, ABO-incompatible kidney transplantation may be an effective radical renal replacement therapy for elderly patients with ESKD as previously described [12] .
It is generally assumed that aging is associated with a progressive decline in immune function. Age-related immune deficiency is more prominent in adaptive immunity than in innate immunity [17] . Previous reports have demonstrated that elderly transplant patients have lower acute rejection rates and increment of vulnerability to infections and malignancies [16] . In fact, in this study, the CMV antigenemia-positive rate was 70.6% and reactivation of varicella zoster virus occurred in 2 patients, while one underwent hemorrhagic cystitis due to adenovirus and one developed malignant tumor. However, 35.3% of the recipients enrolled in this study experienced acute cellular rejection, and 2 had intractable rejection that required anti-human thymocyte immunoglobulin. Indeed, ABO-incompatible kidney transplantation is commonly known to be a highrisk procedure. The relationship between the donor and recipient was spousal in 15 out of our 17 cases. Several reports have shown that kidney transplantation between spouses has a higher incidence of acute rejection because of poor histocompatibility [11] . Moreover, kidneys from older donors are more likely to have senile tissue injuries due to hypertension, microvascular renal damage, and glomerulomegaly and facilitate immune recognition and increased immunogenicity [18] . Elderly ABO-incompatible kidney transplantation might therefore have high risk for acute rejection. It may be unnecessary to reduce the intensity of immunosuppression for these elderly patients.
The patient in whom a malignant tumor was formed developed intractable rejection, and anti-human thymocyte immunoglobulin was used to treat steroid-and deoxyspergualin-resistant acute rejection. This intensive anti-rejection therapy may have caused the appearance and progression of cancer in this patient. It may be necessary to develop a tailored desensitization protocol for preventing infections and malignancies and avoiding rejection in elderly ABO-incompatible kidney transplant recipients. As such, everolimus may be an appropriate immunosuppressant for elderly ABO-incompatible kidney transplantation [19] .
There were 5 recipients with ESKD due to diabetes nephropathy in this study. The value of eGFR in the recipi- ents with diabetes mellitus (DM) was similar to that in the recipients without DM. There were no differences in clinical outcomes such as CMV infection and rejection episodes between the recipients with and without DM. In addition, the graft and patient survivals in the recipients with DM were 100%. Although outcomes of kidney transplant recipients with DM remain inferior compared with recipients without DM [20] , there might have been no significant differences in the outcomes between our elderly ABO-incomparable kidney transplant recipients with and without DM because it was a small-sized pilot study.
With advanced age, the prevalence and severity, comorbidities tend to increase. In a European survey on patients with a mean age of 61 years undergoing renal replacement therapy, 28% had DM, 23% ischemic heart disease, and 11% malignancy [21] . The review from the United Network for Organ Sharing Standard Transplant Analysis and Research File showed that the 4 strongest predictors of recipient survival after transplantation were age, DM, angina, and waiting time on dialysis [22] . In our present study, 5 (29.4%) patients had DM and 9 (52.9%) had cardiovascular disease as comorbidity. One patient died 50 months after transplantation due to chronic heart failure after valvular heart disease surgery. It is necessary to carefully evaluate the comorbidity of elderly patients with ESKD prior to kidney transplantation, as these recipients may be more susceptible to developing worsened comorbidity directly or indirectly due to powerful immunosuppressive therapy. Frailty is characterized as an increased vulnerability to stressors with a decline in the reserve and function of multiple physiologic systems. Limited compensatory mechanisms lead to functional impairment and adverse health outcomes, such as disability, falls, decreased mobility, hospitalization, and death [23] . Frailty is frequent in elderly patients and the presence of chronic kidney disease is bound to double the risk of frailty [24] . Previous reports have demonstrated that pre-transplant frailty increases the risk of delayed graft function, early hospital readmission after kidney transplantation, MMF intolerance, and mortality [25] . Elderly patients with ESKD may be more associated with frailty and have less tolerance for desensitization in ABO-incompatible kidney transplantation compared to younger patients. In this study, graft survival at 1 and 3 years was both 100% because adequate pre-transplant examination of the recipients was carefully done except for frailty. However, in future, the evaluation of frailty should be surveyed before kidney transplantation in elderly ABO-incompatible kidney transplant recipients requiring powerful desensitization.
Unintentional low medication adherence is a real, complex problem for older patients receiving polypharmacy. In a recent report, there was non-adherence at one month after hospital discharge in 55% of non-transplant patients older than 65 years [26] . The number of drugs prescribed at discharge was reported to be related to medication non-adherence [27] . Transplant recipients must take a variety of drugs every day. Although elderly transplant recipients tend to be more compliant to therapy than younger adults, the rate of adherence to immunosuppressive and supportive therapy decreases as patient age increases [28] . Desensitization for ABO-incompatible kidney transplantation requires the removal of anti-A/B antibodies and suppression of antibody production before transplantation. However, postoperative immunosuppressive regimens for ABO-incompatible kidney transplantation are the same as those for ABOcompatible cases [5, 11] . Because elderly recipients of ABO-incompatible kidney transplantation do not need to take more drugs compared to elderly recipients of ABO-compatible kidney transplantation, the risk of medication non-adherence is comparable between the two.
There might be limitations in this study because it is a retrospective study and consists of a small sample size. However, there have been few reports on elderly ABOincompatible kidney transplantation. We herein reported on our experience using this procedure on elderly patients with ESKD as a pilot study, although is it could be a high-risk procedure.
In conclusion, we demonstrated that our excellent outcome of ABO-incompatible kidney transplantation for elderly patients aged 60 years or older. Elderly ABOincompatible kidney transplantation may be an effective radical renal replacement therapy, and further examination including frailty should be evaluated prior to transplantation for elderly kidney transplant candidates.
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